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Description 



ASSOCIATED GROUPING OF EMBEDDED 
CORES FOR MANUFACTURING TEST 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to a structure and associ- 
ated method to associatively group a plurality of cores for 
a manufacturing test. 

[0003] 2. Related Art 

[0004] Electrical devices are typically required to operate within 
design specifications. If an electrical device does not op- 
erate within design specifications, the electrical device 
may malfunction and require replacement which may be 
costly. Therefore there exists a need to verify that the 
electrical device is operating within design specifications. 
Summary of Invention 

[0005] The present invention provides an electrical structure 
comprising : 



[0006] an alpha device comprising at least one electrical charac- 
teristic; and 

[0007] a plurality of dependent devices comprising the at least 
one electrical characteristic, wherein the alpha device and 
the plurality dependent devices are grouped together 
within a semiconductor device for an associated manufac- 
turing test. 

[0008] The present invention provides an a method, comprising: 

[0009] identifying at least one electrical characteristic for an al- 
pha device; 

[0010] identifying the at least one electrical characteristic for a 
plurality of dependent devices;and 

[0011] identifying a group comprising the alpha device and the 
plurality dependent devicescomprising the at least one 
electrical characteristic for associated manufacturing test- 
ing. 

[0012] The present invention advantageously provides a structure 
and associated method to associatively verify that an elec- 
trical device is operating within design specifications. 
Brief Description of Drawings 

[0013] FIG. 1 illustrates a block diagram showing a group com- 
prising an alpha device electrically connected to a plurality 



of dependent devices for a manufacturing test, in accor- 
dance with embodiments of the present invention. 

[0014] FIG. 2 illustrates a variation of FIG. 1, in accordance with 
embodiments of the present invention. 

[0015] FIG. 3 illustrates a block diagram showing a combination 
of FIG. 1 and FIG. 2, in accordance with embodiments of 
the present invention. 

[0016] FIG. 4 is a modification of FIG. 1 illustrating a block dia- 
gram showing a group comprising the alpha device elec- 
trically connected to the plurality of dependent devices 
through a multiplexer for a manufacturing test, in accor- 
dance with embodiments of the present invention. 

[0017] FIG. 5 illustrates a flowchart showing a process for deter- 
mining associative grouping for FIGS. 1- 4, in accordance 
with embodiments of the present invention 
Detailed Description 

[0018] FIG. 1 illustrates a block diagram showing an associative 
group 19 comprising an alpha device 4A electrically con- 
nected to a plurality of dependent devices 7 for a manu- 
facturing test, in accordance with embodiments of the 
present invention. The manufacturing test is defined 
herein and in the claims as a procedure to operationally 
test electrical devices for functionality during a manufac- 



turing process and prior to functionally connecting the 
electrical devices for a final product designed for a spe- 
cific use (e.g., testing individual circuits on an integrated 
circuit during manufacturing prior to producing the inte- 
grated circuit). An associative group is defined herein as a 
group comprising an alpha device and a plurality of de- 
pendent devices, wherein the alpha device and the plural- 
ity of dependent devices all comprise equivalent electrical 
characteristics. The alpha device 4A and the plurality of 
dependent devices 7 are electrical devices. The alpha de- 
vice 4A is required for operation of the plurality of depen- 
dent devices 7 during the manufacturing test. The alpha 
device 4A is adapted to accept an input signal 12A (e.g., 
input frequency) and apply an output control signal 16A 
(i.e., output frequency) to the plurality of dependent de- 
vices 7 during the manufacturing test. The Alpha device 
4A and the plurality of dependent devices 7 are cores em- 
bedded within a semiconductor device 2. A core is defined 
herein as a functional area on a semiconductor device 
adapted to perform a specific function(s). The semicon- 
ductor device 2 may be any semiconductor device known 
to a person of ordinary skill in the art including, inter alia, 
an application specific integrated circuit (ASIC), etc. Alpha 



devices 4B and 4C are cores embedded within the semi- 
conductor device 2. The alpha devices 4B and 4C may be 
electrically connected to other dependent devices or cores 
(i.e., logic devices) on the semiconductor device 2. The al- 
pha devices 4B and 4C may be used to run the other de- 
pendent devices or cores (i.e., logic devices) on the semi- 
conductor device 2. The alpha device 4B is adapted to ac- 
cept an input signal 12B (e.g., input frequency) and apply 
an output control signal 16B (i.e., output frequency) to 
any associated dependent devices. The alpha device 4C is 
adapted to accept an input signal 12C (e.g., input fre- 
quency) and apply an output control signal 16C (i.e., out- 
put frequency) to any associated dependent devices. The 
input signals 12A, 12B, and 12C are equivalent signals 
(e.g., same frequency). The output control signals 16A, 
16B, and 16C are equivalent signals (e.g., same fre- 
quency). The alpha devices 4A, 4B, and 4C may be, inter 
alia, phase lock loop (PLL) circuits (devices), digital to ana- 
log convenor (DAC), analog to digital convenor (ADC) , 
BIST engine, etc. Each of the plurality of dependent de- 
vices 7 may be, inter alia, an input/output (I/O) device, 
random access memory (RAM), etc. The I/O device may 
be, inter alia, a serializer/deserializer (SerDes). The alpha 



devices 4A, 4B, and 4C in FIG. 1 are equivalent devices 
(i.e., they comprise the same electrical characteristics). 
Electrical characteristics may be defined as, inter alia, op- 
erational frequency of cores, speed at which cores run, jit- 
ter tolerance of cores, etc. The plurality of dependent de- 
vices 7 are equivalent devices (i.e., they each comprise the 
same electrical characteristics). The manufacturing test 
may be designed such that the plurality of dependent de- 
vices 7 are tested simultaneously in parallel. Alternatively, 
the manufacturing test may be designed such that the 
plurality of dependent devices 7 are tested individually. 
The manufacturing test is used to test functionality and 
design specifications of the plurality of dependent devices 
7. The alpha device 4A is used to control or allow opera- 
tion of the plurality of dependent devices 7 during the 
manufacturing test. To fulfil requirements for a proper 
manufacturing test, the alpha device 4A must be compati- 
ble with the plurality of dependent devices 7 (i.e., must 
comprise the same electrical characteristics). Additionally, 
pin to pin connections (operational) between the alpha 
device 4A and the plurality of dependent devices 7 must 
be known. The alpha device may be electrically discon- 
nected from the plurality dependent devices upon com- 



pletion of the associated manufacturing testing. An exam- 
ple of a manufacturing test is described by the following 
paragraph. 

[0019] Assume for the following test that the alpha devices 4A, 
4B, and 4C are each equivalent high speed PLL circuits 
(i.e. speed (e.g., 8x speed) at which PLL circuit ramps up 
input frequency (input signals 12A, 12B, and 12C) to out- 
put frequency (output control signals 16A, 16B, and 
16C),). Additionally, each of the plurality of dependent 
devices 7 is a serializer/deserializer (SerDes) requiring a 
high frequency signal ( i.e., output signal 16A) to operate. 
The semiconductor device 2 is an ASIC. High frequency is 
defined herein as a frequency selected from a range of 
about 1 gigahertz to about 6 gigahertz. The manufactur- 
ing test is designed to test that the SerDes will properly 
operate at a specific frequency (i.e., frequency of output 
control signal 16A from the PLL circuit (alpha device 4A)). 
Proper operation of the SerDes includes passing a signal 
(e.g., data) between an input and an output of the SerDes 
and at a speed at which the signal is passed between the 
input and the output of the SerDes . If the SerDes are 
found to be operational within design tolerances then the 
manufacturing test is over and each SerDes may be dis- 



connected from the PLL and reconnected to any associ- 
ated circuitry on the ASIC to perform their intended (i.e., 
designed) function. 
[0020] The present invention is a method of associative grouping 
an alpha device (e.g., alpha device 4A) with associated de- 
pendent devices (e.g., the plurality of dependent devices 
7) for a manufacturing test. The alpha devices 4A, 4B, and 
4C in FIG. 1 are equivalent so any of the alpha devices 4A, 
4B, and 4C could have been grouped with the plurality of 
dependent devices 7 (e.g., alpha devices 4A, 4B, and 4C 
could be interchanged). Therefore, the method of associ- 
ated grouping is not required for FIG. 1 since any combi- 
nation of alpha devices and dependent devices will work. 
A problem arises when a semiconductor device comprises 
a plurality of alpha devices each comprising different 
electrical properties. In this instance the method of asso- 
ciated grouping is required as described in the description 
of FIG 2. 

[0021] FIG. 2 illustrates a block diagram showing a group 22 
comprising an alpha device 6 electrically connected to a 
plurality of dependent devices 8 for a manufacturing test, 
in accordance with embodiments of the present invention. 
In contrast to FIG 1, the alpha device 6 in FIG. 2 comprises 



electrical characteristics that are different than those of 
alpha devices 4B and 4C. The alpha device 6 is compatible 
with the plurality of dependent devices 8 (i.e., comprise 
the same electrical characteristics) and therefore may be 
grouped together for the manufacturing test. The alpha 
device 6 and the plurality of dependent devices 8 are 
electrical devices. The alpha device 6 is required for oper- 
ation of the plurality of dependent devices 8 during the 
manufacturing test. The alpha device 6 is adapted to ac- 
cept an input signal 15 (e.g., input frequency) and apply 
an output control signal 17 (i.e., output frequency) to the 
plurality of dependent devices 8 during the manufacturing 
test. The Alpha device 6 and the plurality of dependent 
devices 8 are cores embedded within a semiconductor de- 
vice 5. The semiconductor device 5 may be any semicon- 
ductor device known to a person of ordinary skill in the 
art including, inter alia, an application specific integrated 
circuit (ASIC), etc. The alpha devices 4B and 4C are as de- 
scribed in the description of FIG. 1. The input signals 12B 
and 12C are not equivalent with the input signal 15 (e.g., 
different frequencies). The alpha device 6 may be, inter 
alia, a phase lock loop (PLL) circuit (device), digital to ana- 
log convenor (DAC), analog to digital convenor (ADC) , 



BIST engine, etc. Each of the plurality of dependent de- 
vices 8 may be, inter alia, an input/output (I/O) device, 
random access memory (RAM), etc. The I/O device may 
be, inter alia, a serializer/deserializer (SerDes). The plu- 
rality of dependent devices 8 are equivalent devices (i.e., 
they each comprise the same electrical characteristics). 
The manufacturing test may be designed such that the 
plurality of dependent devices 8 are tested simultaneously 
in parallel. The manufacturing test is used to test the plu- 
rality of dependent devices 8. The alpha device 6 is used 
to control the plurality of dependent devices 8 during the 
manufacturing test. To fulfil requirements for a proper 
manufacturing test, the alpha device 6 must be compati- 
ble with the plurality of dependent devices 8 (i.e., must 
comprise the same electrical characteristics). Additionally, 
pin to pin connections (operational) between the alpha 
device 6 and the plurality of dependent devices 8 must be 
known. An example of a manufacturing test is described 
by the following paragraph. 
[0022] Assume for the following test that the alpha devices 6, 4B, 
and 4C are each high speed PLL circuits (i.e. speed at 
which PLL circuit ramps up input frequency (input signals 
12A, 12B, and 15) to output frequency (output control 



signals 17,16B, and 16C)). The alpha device 6 (PLL) com- 
prises a 16x speed while the alpha devices 4B and 4C 
(PLL) each comprise an 8x speed. Additionally, each of the 
plurality of dependent devices 8 is a serializer/deserializer 
(SerDes) requiring a high frequency signal ( i.e., output 
signal 17) to operate. High frequency is defined herein as 
a frequency selected from a range of about 1 gigahertz to 
about 6 gigahertz. The semiconductor device 5 is an ASIC. 
The manufacturing test is designed to test that the SerDes 
will properly operate at a specific frequency (i.e., fre- 
quency of output control signal 17 from the PLL circuit 
(alpha device 6)). Proper operation of the SerDes includes 
passing a signal (e.g., data) between an input and an out- 
put of the SerDes and a speed at which the signal is 
passed between the input and the output of the SerDes. If 
the SerDes are found to be operational within design tol- 
erances then the manufacturing test is over and each 
SerDes may be disconnected from the PLL and recon- 
nected to any associated circuitry on the ASIC to perform 
their intended (i.e., designed) function. 
[0023] The present invention is a method of associative grouping 
an alpha device (e.g., alpha device 6) with associated de- 
pendent devices (e.g., the plurality of dependent devices 



8) for a manufacturing test. The alpha devices 4B and 4C 
in FIG. 2 are not equivalent to the alpha device 6. Only the 
alpha device 6 is compatible with the plurality of depen- 
dent devices 8 so the alpha devices 4B and 4C may not be 
grouped with the plurality of dependent devices 8 for the 
manufacturing test (i.e., alpha devices 4B and 4C may not 
be interchanged with the alpha device 6 for the manufac- 
turing test). Therefore, the method of associated grouping 
is required for FIG. 2 since only a specific(alpha 6 with de- 
pendents 8) group will work. 
[0024] FIG. 3 illustrates a block diagram showing a combination 
of FIG. 1 and FIG. 2 showing group 22 comprising the al- 
pha device 6 electrically connected to the plurality of de- 
pendent devices 8 and the group 19 comprising the alpha 
device 4A electrically connected to the plurality of depen- 
dent devices 7 on a single semiconductor device 3 for a 
manufacturing test, in accordance with embodiments of 
the present invention. In contrast to FIG. land FIG. 2, FIG. 3 
comprises a plurality of different groups (i.e., group 19 
and 22) on one semiconductor device (i.e., semiconductor 
device 3). 

[0025] FIG. 4 is a modification of FIG. 1 illustrating a block dia- 
gram showing a group 42 comprising the alpha device 4 



electrically connected to the plurality of dependent de- 
vices 7 through a multiplexer 44 for a manufacturing test, 
in accordance with embodiments of the present invention. 
In contrast to FIG. 1, FIG. 4 comprises the multiplexer 44 
in the associative group 42. The multiplexer 44 is adapted 
to switch between signal 16 connected to input S i and 
signal 21 connected to input S 2 for the manufacturing 
test. The signal 21 may come from an oscillator circuit off 
chip (i.e., not on semiconductor device 25). The control 
input C of the multiplexer 44 is adapted to receive a select 
control signal 62. The select control signal 62 is adapted 
to control the switching between input and input S 2 . 
[0026] FIG. 5 illustrates a flowchart showing a process 70 for de- 
termining associative grouping for the groups 19, 22, and 
42 in FIGS. 1- 4, in accordance with embodiments of the 
present invention. In step 50, a first electrical device (e.g., 
dependent devices 7 or 8) and type of test to be per- 
formed (e.g. .passing a signal (e.g., data) between an input 
and an output of a SerDes ) is defined for manufacturing 
testing. If it is determined in step 52 that the first device 
may be tested stand alone (i.e., without any other devices) 
then an alpha device is not required for the manufacturing 
test. If it is determined in step 52 that the first device may 



not be tested stand alone then step 56 determines if a 
second device is required to apply control to the first de- 
vice for the manufacturing test. If it is determined in step 
56 that a second device is not required then an alpha de- 
vice is not required. If it is determined in step 56 that a 
second device is required then the second device is de- 
fined as an alpha device and the first device is defined as 
a dependent device. If it is determined in step 62 that the 
alpha device may control a plurality of dependent devices 
then in step 64 the alpha device is associated and 
grouped with the plurality of dependent devices for man- 
ufacturing testing. If it is determined in step 62 that the 
alpha device may not control a plurality of dependent de- 
vices then only 1 to 1 grouping is allowed (i.e., only one 
alpha and one dependent is associatively grouped). 
[0027] while embodiments of the present invention have been 

described herein for purposes of illustration, many modi- 
fications and changes will become apparent to those 
skilled in the art. Accordingly, the appended claims are 
intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



